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STUUV  AI<D  DI^IGN  0?  TALL  OJPICE  BUILDIKG  POWER  PLMT 
(HEYWORTH  BUILDING) 

The  pov/er  plant    chosen  for   this   Thesis   represents    the 
most   modem    of   office   'building  power  plant    installations. 

Tlie  Heyworth  Building  constructed  this  year,    rises   eighteen 
stories  and  attic  above,    .d  th  three   separate  basements  below 
the   City   street   level.        The  building   situated  at   the  Southwest 
comer  of  Madison  Street  and  Wabash  Avenue   extends  along  the 
former  street  a  distance   of  one  hundred  ninety   six  feet  and 
along  the   latter  one  hundred   feet.        It   has    thus   fully   exposed 
sides   to   the   North  and  East    and  with  an  alley   on  the  V/est   side 
is   only   slightly  protected  on  that    side  from  the  weather. 
Above   the   tenth  floor  the   building  is   entirely  ezcposed  on  all 
sides.        The   first  basement,   the   floor  of  which   is  fourteen 
feet   belov/  the  street    level,    is   occupied  by  a   restaurant, while 
the   two    sub -basements,    each  tv/elve    feet    in  heighth,    are  par- 
tially occupied  by  the   pov/er  plant. 

Electric   lighting,    heating  and   elevator   service,   are  the 
chief  consumers   of  pov/er,   and   it  was   the   object    of  this  Thesis 
to   become   familiarly  acquainted  with  the   location  and  manipula- 
tion of  the  machinery  and  to   offer  a  duplicate  detailed   design 
of  the  plant. 

Six  plates   of  drawings  are   enclosed  in  this   Thesis,    titled 
as   follov/s: 

PLATE  1.      Preliminary  project. 

PLATE  2.      Detailed  plan     of  steajD  and   exha\ist  piping. 

PLAT'S   3.      Detailed   elevation  of   steam  and   exhaust  piping. 

PLATE  4.      Detailed  plan  of  v;ater  and   steam  heat  piping. 

PLATE   5.      Detailed   elevation  of  water  and  steam  heat  piping 

PLATE   6.      Detailed  plan  and   elevation  of   elevator   system. 
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The  "boiler  room  containing  the   boilers,    expansion  tank, 
feed  water  heater,   house  pumps,    feed  pumps,    vacuum  pumps, 
steam  heat    return  header  for  the  one   pipe   return    steam  heat 
system,    vacuum  return  header  said   condenser  for  Dixon  vacuum 
heating  system.    Shone    ejector  pit,    hlow  off  and   cooling  catch 
"basins,    fresh  air  and  exhaust   fans  and  motors,   and   other  small 
apparatus,    occupy^  the  floor  space   of  about   tliirteen  hundred 
square  feet    in  the   second  sub-casement.        A  branch  of  the    sub- 
./ay   railroad   enters   at   the  Northeast    corner  of  the  building 
and  this   apartment,  in    front    of  t}\e  boilers. 

The  elevator  pumps,    accumulaters,    surge    tank  and   filter 
cover  a   floor  area  of  about   tv/enty  four  hundred   sqviare   feet 
immediately   to   the    east   of  the   boiler   room  and  at    the   same   floor 
level. 

The  boiler    room  and  a   portion  of  the   elevator  pump   apart- 
ment have   a   ceiling  height   of  tv/enty   two    feet,   with  a  portion 
of  the  pimrp   room  occupying   the   auxiliary  pumps   only  ten   feet 
in  height. 

The  Shone    compressor  and  air   pressure   tanks    for  tliat    sys- 
tem and   storage   of   air  for  other  purposes   throughout   tiie  build- 
ing  and  power  plant  are   situated   in  an   apartm.ent    ten   feet    in 
heiglit   extending  along  south   of  the    elevator  pump  and  boiler 
room,    doors   leading  to  and   from  these  apartments. 

The   engine   room  occupies  a  floor  space  of  about   twelve 
hundred  and  eighty     square   feet   to    the    east   of  the  elevator 
piiiiip  room  in  the   east   sub-basement,    with  a  height   to   the    ceiling 
of  about    ten   feet.      Irrimediately  north  of  the   engine   room  about 
five  hundred  and   sixty  square   feet    is  allotted  to  the   refriger- 
ating plant   and    still    to  tiie   north  of  tiie  engine   room  and  west 
of  the  refrigerating  plant  about   six  hundred  and  eighty  square 
feet  of  floor  space   is   occupied  by  the   elevator  pilot  val%[e 
pumps   and  the   engineer's   office. 
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Along  the    south  wall    of  the  "building  in  the    first   sub- 
■basement    separated  froc!  tlie  power  plant  by  a  ten   foot   hallv/ay, 
is    situated  an  apartment   five   feet  v/ide  by   sixty   feet   ling  and 
ten   feet  high   in  which     the  pilot   valves    are   situated   side  by 
side  beneath  their   respective  elevators..      To   the  west  of  this 
apartment    is  situa.ted  a  pipt  shaft   extending  to   the   roof  along 
side   of  the   freiglit   elevator  sliaft. 

A  platform   of  about    six  hundred   twenty-five   square   feet 
area  at    the    first   sub-basement   floor  level   extends  along  to    the 
west   and  south  walls   behind  the  boilers,      on  which  are  situated 
the   air  wash  coils  and  blowers  and  motoics   used  in  connection 
with  the    induced  system  of  heating. 

The  boilers    installed  are  three    in  number,    two    placed   in 
one   setting  and   one   singly,    of  the  Babcock  &  Wilcox  water 
tube   tiT©'      They  are   specially  designed  to   carry  a  steam  pres- 
sure of  tv/o  himdred  pounds   to   the   square   inch  and  are  each- 
equipped  with  a  Mckenzie   shaking  grate   furnace.      This   grate 
extends   six  feet   in  front   of  the   boilers  and   smokeless   com- 
bustion  is  guaranteed  upon  the  principle   that    since   the   gases 
are    impinged  upon  tiie    incandescent    fire   arch   they  are  entirely 
burned  before  smoke    is   formed.        They  are  handfired  grates, 
the   shaking  being  manipulated  by  the    firemen  by  handles  extend- 
ing  out   in  front   of  tlie    furnaces.      Goal    is  conveyed  to   the  boil- 
er room  (thro ugh; a   space  of  about   eight  hundred   square   feet   area 
directly  in  front   of  tlae   boilers,    tlirougli  coal  holes   in  the 
sidev/alk  above  at    the    street   level.        The  ashedr  and   other  re- 
fuse  of  the    power  plant  are  conveyed   to    a  subway    car,    left 
standing   in  the  Horthwest   comer   of  the  basement,    a  few  feet 
distant   from  the   boilers, and  removed  by  that   route.      The  boiler 
breeching   five   foot    square  extends   along  the    rear,  near  the   top 
of  tjie  three  boilers,    four  foot   sqxxare    connections    dropping 
down   to    each   of   the   boilors.        The  breeching  terminates    in   a 
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six  foot    diameter  §moke   stack,    extending  up   to  atout   six  feet 
atove   the  roof   of  the  "building. 

Steam   is   conveyed   throiigh  eight    inch,  long  sweep  bend   steam 
leads   from  each  "boiler   to  tlie    tv/elve   inch  main  header   extending 
along    in  front   of   the   "boilers.      Referring  to  Plate   2^  it  may   be 
observed  that    from  this  steam  header   a  nine   inch    steam  loop 
extends   over  the  elevator  putnp  and   engine    room  and   returning 
again  terminates    in  the  main  header.        A  six   inch  auxiliary 
header  connects   the  two    sides   of  tlie   loop  near  the  boilers.fst^eeo) 
All   steam  supply  pipes  Imve   long  sv/eep  bends   of  a   radius    equal 
to   five   times  tlie   diameter  of  the   pipe.      The   main  header   is 
drained  at   eacli   end  by  a  one  and  a  half  inch  pipe   leading  to 
the     high  pressure  drip   tank. 

A  t'.velve    inc}].  exhaust   line    leading  irum  the   engine    ter- 
minates v/itli  an  eight   exhaust   from  the    eleva,tor  pumps   and  a 
fourteen   inch  pipe  leading  to  the    expansion  tank.      Medium 
sweep  bends   of  a  radius   equal   to    tv:ice   the  diaaneter  of  the  pipe 
are   used  in  the   exhaust   lines.      All  the   larger  sizes   of   steam 
and  exliaust   pipe  have   flanged   fittings   throughout   and  are   sup- 
ported by  uprights    rising   frora  the  floor.      These   supporters 
consist   of   steel   rollers  placed   in  a   loose  bearing  screv/ed   into 
a   cap  (pa/a/fee)  placed  on  a   five  inch  pipe,    tiie  pipe   being  securely 
fastened  at   the   lower   end  to  the   floor. 

Before  all   steam  consTjming  apparatus   in  the   pov;er  plant 
are  situated  Austin   steam  separators    from  v/hich  one-half   inch 
pipes   lead  as  high  pressure  drips  to   the  high  pressure   drip 
tank.  All  these  high  pressure   drips   v/ith  the   drips  from  the 

steam  header  flov/  tjirough  t/iroughaone   and   one -half   inch  pipe 
laid   in  a   gutter  below  the  floor  and  covered  with  iron  floor 
plates,    leading  to   the  high  pressure  drip   tank  situated  near 
tile   boiler  belo./  the  floor.        A  one   inch  pipe  leads  from  this 
higii  pressure   drip   tank  out   over  V:ie  boilers  and   terminates    in 
a  Holly  header   situated   in  the  pipe    shaft   at    the    second  floor. 
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The   return  pipe   from  the  Holly  header  terminates    in  a   line 
behind  the  boiler,   leads  v/ith  valves    from  this  line    entering 
one   stiell  of  each  boiler,    so   that   the   high  j)ressure  drips   fi- 
nally enter  trie    boiler. 

The   low  pressure  drips   consisting  of  tlie    cylinder,    exiiaust 
pipe  and   receiver  condensed   steam  enter  pipes  also  laid  in  the 
gutter  and  flow  into   a  low  pressure  drip    tank   situated  in  the 
same  pit  witii  the  high  pressure   tank,    and  through  a  three    inch 
extra  heavy   galvanized  pipe   the   contents  of  this    tank  gravitate 
into    the   blovT  off  basis   situated  behind   tjie   boiler.         A  five 
inch  vent  pipe   connecting  the  blow  off  basis  and  low  pressure 
drip   tank  extends   to   the  pipe   siaait   and   terminates   at   the   roof 
in  an   exiiaust  header. 

Four  incii  blov/  off  pipes  with  two    valves   lead   from  each 
boiler  into    the  blow  off  basin  and   this   condensed  steam  with 
that    from  the   low  pressure  drip   tajik,  gravitate  through  a   four 
inch  galvanized  pipe  into    a  cooling  catch  basin.        Other  wash- 
ings  from  throughout   the  engine   and  boiler   room  gravitate   into 
a  third  catch  basin  and   from  there   into   the    cooling  basin, 
where  all  are  allov/ed  to   cool  before   entering  the   Shone   ejector 
to  be  discharged  into    the   sewer. . 

The   Shone   system  of  sev/erage  and  drainage   is  widely  adapted 
in  power  plants  because   of   its  sanitary  efficiency  and   its 
certainty   of  operations   under  adverse   conditions  v/ith  very 
little  attention.  The   operating  power  employed   is   compressed 

air,    supplied  to   a  closed  pressure   tank  at   from  fifteen  to 
twenty  pounds  pressure.        In   tliis  plant   there  are   two- eight  by 
six   inch  single    (    double  acting)    cylinder  compressors   driven 
through  Morse   silent   chain   drives  by   two   Crocker  Wlieeler  five 
horse  pov/er  ooiflpound  wotind  motors   run  at    one  hundred  and   ten 
volts   and  nine   hundred  and  eighty  revolutions  per  minutes. 

Two    ejectors  are   located  side  by  side   in  the  pit   each  hav- 
ing a  capacity    of   fifty  gallons  per  minute  against   a   fifty  foot 
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(ing  a  capacity  of   fifty  gallons  per  minutfi  against  a   fifty  foot) 
head.  An   inlet   pipe  connecting  t}ie   t'.vo    ejectors   extends 

acroijs   tl'ie  pit   at   one   side  v/hile   on  the   opposite  dide  a  dis- 
charge pipe  connecting  the   two,    leads   out  beneath  the   floor 
finally   terminating"^the  City   street   sewer.  As   soon  as   the 

ejector    is   filled  'by  the   sev/age  and  drips    flowing,  into    it    from 
the   cooling  basin,    compressed  air   from  the    tank  spoken  og   is 
automatically  admitted  which  at   once   forces   out   the   contents 
through  the   disciiarge   pipe. thus   emptying  the    ejector.  The 

compressed  air   is  then  cut  @ff  automatically  and  tJiat    inside  the 
Ejector  allowed  to   escape  to  a  point    outside  the   building, 
whereupon  the  process    is   repeated.  A  cylindrical   steel:  tank 

in  the   engine   room  is   also   connected  by  a   line   of  one   inch  pipe 
with  the  air  pressure   tank  already  mentioned  so   that   by  means 
of  leads   of  liose  air  may  be   used  for  blowing  out   the  main 
generators. 

In  the   same  apartment  with  the   Shoe  compressor   is  located 
a  third  air  compressor   operated   inaependently  by  a  third  motor. 
This  air   is   used  for  supplying  small  amounts   of  power  to 
jewelers  and  for  t}ie    use  of  dentists  and  doctors   so    that   a 
circuit   of   one   inch  pipe  extends   around  tiirougli  the   three 
upper  stories   of   the   building, all  the   offices   on  those  floors 
having  one  half   inch   connection.        As   this  air   is    required  to 
be   as  pure  as  possible   no   oil   lubrication  is  permitted  in  the 
compressing   cylinder.  Thus  we  have   an  eight   inch  by  eight 

inch  compressor  with  a  lignum  vitae  piston  which   is  lubricated 
by   injection  of  vvatsr  into    the   cylinder.        The  air  receiver  has 
two   coils    in   it   througli  which  the   returns   from  the   ice   drinking 
water  pipes    flow  so   that   trie  v;ater  is   thereby  condensed  out   of 
the  air  and   finally  removed  with  the    injection  water  by  means 
of  a  trap.      A  switchboard  v/ith  automatic   controlling  devices 
and  pressure  gauges   attached   is  also   located  in  this  apartment. 
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Three  Fleming  tliirteen  inch  by  twenty  inch  "by  thirteen 
inch  high  speed  cross  compound  engines  direct  connected  to 
Crocker  &  ?/heeler  generators  generate  electric  power  for  the 
lighting  of  the  "building  and  supply  of  auxiliary  motors  used 
throughout  the  building  and  pov^er  plant.   The  generators  are 
rated  at  100  K.W.  at  125  volts  and  100  amperes,  at  275  revolu- 
tions per  minute. 

The  engines  are  oiled  by  means  of  a  circulation  automati- 
cally regx£Lated  by  a  pump  attached  to  the  cross  head  of  the 
engine,  the  oil  after  Jiassing  over  the  bearings  being  finally 
collected  and  filtered  and  again  placed  in  circulation. 

Feed  -.vater  is  supplied  to  the  boiler  througli  a  duplicate 
system  of  piping  from  either  of  two,  seven  and  a  half  inch  by 
five  by  six  inch  Deane compound  duplex  stearii  pumps,  having  a 
four  inch  suction  and  three  inch  discharge.   By  manipulation 
of  valves  cold  filtered  water  may  be  drawn  from  the  surge  tank 
or  as  is  generally  the  case  heated  v/ater  may  be  dravm  from  a 
Cookson  open  heater.    Tv/o,  tliree  inch  discharge  pipes  lead 
up   from  each  pump  and  entering  two  common  headers  a  by-pass 
system  of  feed  .vater  piping  is  formed.    The  two  lines  run 
parallel  across  the  top  of  the  boilers  near  the  front  and  a  two 
inch  lead  with  valve  is  taken  from  each  pipe, terminating  in  a 
common  feed  line  to  each  boiler  shell. 

Water  for  house  purposes  is  pumped  by  either  of  two 
electrically  driven  Ruimsey  five  inch  by  eiglit  inch  double 
geared  triplex  power  puiups  of  a  ready  capacity  of  one  gallons 
per  minuts  to  either  of  two  cylindrical  steel  house  tanks 
eiglit  foot  in  dia^ieter  by  eiglit  feet  high  situated  in  the  pent 
house  on  the  roof.   These  pumps  are  electrically  started  and 
stopped  and  may  draw  f i iteTed  u'ater  direct  from  the   surge 
tank  or  city  water  from  another  cylindrical  steel  tank,  five  foot 
in  diameter  by  six  feet  in  height  located  in  the  refrigerating 
room. 
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Hot  water  for  the    tenants   is    furnished  by  a  Tobey  automat- 
ic  water  heater   suspended  from  the   ceiling  of  the   "boiler   room. 
This  heater   consists   of  an  upper  and   lov/er   Ciiamuer,  the   lovirer 
containing  the  lieating   surface  .consisting  of  a  number  of   copper 
tlibes   fastened   into   a   plate  held  in  place  between   a  cap   and 
flange.  At   tiie  opposite  end   the   tubes  are    screwed  into   a 

header  in  which  t}iere    is  a  pipe   to    receive  the   steam  valve 
connection,    steam  in  this   case  being   received  through  a  steam 
line   from  the    expansion   tank.  The   upper  or   expansion   chamber 

contains   a  perforated   copper   tube    rigidly   fastened  at   one    end 
of  the  heater  and  connected  at   the   other  end   to   a  spindle, 
which  on  expansion  or  contraction  of  the   tube  acts   on   tiie  lever 
and  thus   opens   or   closes   the  balanced  steam  valve.        Water  is 
supplied  to   the   heater  through  a  cold  v/ater  inlet    from  t}ie 
house   tank  and   upon  being  heated  by   contact  with   the   tubes 
in   the   lower   chamber  it    rises  and  passes   out   tlirough  the    copper 
tube   to   the    faucets   throughout   tiie  building-        Thus   the  heat   of 
the  v/ater   is   automatically  adjusted. 

All   water  to   be   used  for  any  pui-^ose  upon  passing  tiirough 
the   city  meter  may  pass  direct    into    t/ie   closed  steel   surge 
tank  and  without   being  filtered  pass  thorough  the   feed  and  house 
pumps  or  by  means   of  valves   it  may  be    first  passed  through  a 
bed  of  sand  within  the  filter  and  tinen  passed   into    the   surge 
tank  from  which  the    feed  and  house  pimps  may   draw  it.      A'  water 
headed   is   situated  above  the  surge   tank  from  which  leads    run 
out,    one   to   the    feed  water  heater,    another  to  tlie   refrigerating 
supply  tank  and  a  number  of  others   to   drinking  and  washing 
faucets   t^iroughout   the  building.  The    feed  and  house  piomps 

draw  directly  from  the   surge    tank. 

A  Carbondale  absorption  refrigerating  system  is   installed 
for   furnishing   ice  drinking^  v;ater.      All   the  water   to  be  used 
for  drinking  purposes   after  being  filtered   enters   the   steel 
tank  situated   in  the    refrigerating  room  previously  mentioned. 
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Ploat   valves   keep   the  water  level  at   a  proper  height   in  this 
tank  any   surplus  water  being  discharged  into    the    sewar.   Water 
from  this   tank  passes    into    the   cooling  tank  as    it    is  needed 
where   it    is    cooled  to   the   proper  temperature   for  drinking  by 
coils   passing  through   it.      The   filtered  v/ater  as    it    is   cooled 
is   puDiped  by  an  elecxric   driven  pump   to    a   closed   tank   in   the 
attic   from  which   it    is   distributed  throughout    t-ie  building 
at  a  pressure   due  to   tliat   head. 

Referring  to   the  enclosed  sketch   of  a  plant    identioal 
to   timt    installed  in  the  Hej-worth  Building   a   description   of   it 
is   liere   offered.        The  power  utilized   in  tl-ie    refrigeration 
originates    in  tlie   still,    consisting  of   a  castiron   shell   laid 
horizontally  with  a   tee   opening  near   one   end.  The  body   of 

this   shell   is  partially  filled  with   steam  pipes  which  are  kept 
submerged  in  a   strong   solution  of  aqua  airimonia.      Exhaust    steam  . 
from  the   feed  pumps    reinforced  when  necessary  by   steaia  from  the 
live    steam  line    to    the    feed  pumps,    circulates   through  these 
steam  pipes.  The  heat  thus   conveyed  to   the  ammonia  liquid 

causes   it   to   boil  and  the  ar.-ononia  to   rise   off  in  the   form  of 
gas   under  a  higln  pressure.  The   condensed   steam  passes    into  a 

trap   to   be   finally  discl'iarged  into    the    sev/er. 

At    one    end   of  the  still   rising  vertically   is    a   cylindri- 
cal   iron   shell   called   the  analyzer.         This    siiell    is  partially 
filled  with  perforated  xitk  castiron   trays   so    constructed  as  to 
allow  the  hot   ammonia  gas   generated  in  the   still   to    rise 
tiirough  them,  v/hile   at   the  same  time   they   convey   through  sepa- 
rate  openings  the   incoming  supply  of  strong  aqua  armonia,    re- 
turning from  the  ammonia  pump,    v/hich  now  being  cooler  than  the 
rising  gas   causes   tiie  -.vater  vapor  to   precipitate.      The  hot   gas 
passes   from  the   top  of  the   analyzer  to    the    rectifier,    a  steel 
tank  suspended  from  the    ceiling  and   containing  slightly  cooled 
v/ater.        The   gas  passing  through  coils    situated  in  t}iis  tank 
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K^s  the  reiriaining  water  in  it  condensed. 

Leaving  the  rectifier  the  warm  anhydrus  ammonia  gas  goes 
to  the  condenser,  which  is  in  direct  coirununication  with  the  pre- 
vious mentioned  parts,  so  that  the  pressure  of  the  gas  within 
this  tank  is  the  same  as  that  in  the  still.    The  condenser 
consists  of  a  number  of  coils  through  which  cool  water  is 
circulated,  and  as  tiie  ar.xmonia  gas  enters  tiiis  apartment  and 
comes  in  contact  witii  the  cooli   pipe  it  condenses  to  a  liquid 
and  falls  to  t/ie  'bottom  of  the  shell  as  anhydrous  ammonia,  still 
under  the  high  pressure.   The  liquid  is  now  ready  to  "be  used 
as  a  refrigerating  agent.   It  has  a  boiling  point  of  tv;enty- 
right  and  six  tenths  degrees  below  zero  at  atmosphere  pressure 
so  that  now  as  a  liquid  imder  a  high  pressure  it  is  allowed  to 
flow  from  the  bottom  of  the  condenser  through  a  finally  adjust- 
ed valve  into  the  cooling  coils  leading  througli  the  cooling 
'jvater  tank,  v/^hich  has  a  much  lower  pressure  than  that  of  the 
liquid  in  the  condenser.    Thus  as  the  valve  is  opened 
slightly  the  pressure  of  the  out -going  liquid  is  so  far  lov/ered 
that  it  rapidly  evaporates  and  boils  itself  into  a  gas  taking 
heat  from  the  water  surrounding  tiae  coils  to  acconplish  that 
end.   Thus  the  water  is  cooled  to  any  degree  desired  by  manip- 
ulation of  the  reducing  valve,  and  the  gas  leaving  the  cooling 
coils  is  heated  by  this  v/ater  and  passes  to  the  absorber. 

As  before  mentioned  a  portion  of  the  aqua  aiononia,  being 
weaker  and  thus  heavier  than  the  strong  aqua  ananonia  in  the 
still  it  settled  to  the  bottom  as  soon  as  the  steam  heat  was 
applied  to  it  and  its  gas  driven  off.   Thus  v/e  have  a  v;eak  so- 
lution of  aqua  ai.'imonia  at  a  high  pressure  at  this  point  and 

in  the  absorber,  we  loave  the  heat  ladened  anhydrous  aimonia  gas 

cooling 
whose ^qualities  have  been  utilized.   The  weak  ammonia  liquid 

is  then  forced  out  of  the  still  by  its  own  pressure  to  the  top 

of  a  set  of  coils  passing  through  the  second  vertical  cylinder 
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situated  on  the   still.        Here  a  heat    exchange    takes  place  te- 
twen  the  hot   weak  aimonia  solution  just  mentioned  coming  from 
the   still,    v/hich  is  decending  to   the    exchanger,    and  the   strong 
aqua  aimnonia  passing  up  on  the  outside  of  the   coils   coming  from 
the  absorber  through  the   auanonia  pump   and  on  its   v;ay   to   again  he 
heated  in  ttie   still. 

Passing    from  the    coils    of  the  exchanger  the  Y/eak  aqua 
ammonia   is   taken  to    tJie   top  of  tlie   absorber  previously  laention- 
ed  and   sprayed  over  the  hot    gas   coming    from  the   cooling  coils. 
The  hot  anmonia  gas   is  at   once   absorbed   into   the  weai  aqua 
aiijuonia   solution  v/hicli  results   in  a  strong  solution  of  that 
liquid,   v/hicli   falls  to   the   botton.  of   the  absorber  and   is   ready 
to   be  puiaped  by   tlie   a  monia  pui/ip  back   through  the   exclianger   to 
t}ie   still. 

The   cooling  v/ater  passed  up   tJirougli  the   condenser  coils 
passes   throug}i  the  absorber  coils  and   rectifjrer  coils   in  turn 
after  V7i:iclj.   it    is  discharged  into   the  house   supply  tank. 

Four  methods   of   steam  heating  tiay   be    operated  in  t:iis 
building,    the  Dixon  vacuum  system,    a   one  pipe    return   system^ 
a   vacuum  sj'stem  similar   to   the  Webster  system  and    induced  heat- 
ing by  means   of  blowers. 

The    sub-baseEiCnts   and  basement    are  heated  by   the   induced 
system.        "For  this    system,  there  are   two    exhaust  and   one    fresh 
air  blower  driven  by  motors.        Air   is  drav/n  in    from  without    the 
building  and  passed  througii  a   spray  of  -./ater   in  a   sheet   iron- 
chamber  before  passing  througji  tine   fresh  air  fa.n  and  heating 
coils   into   the   mixing  charjber,    from  whence   it    is   forced   througli 
the  heating   ducts.      The   temperature   of   the  air  ina.ybe  varied    in 
the  mixing  x}iajTiber  to    suit   the  weather  so    that    in  the   sunn-iier  a 
cool   teL'iperature  rray  be    acquired  a.nd    in  tlie  winter  any  degree 
of   heat   may  be   obtained. 

It    is    intended  tiia.t   the  first   floor  and    remaining  floors 
of   the   building  shall   he   heated  regularly  by  the   Dixon  vacuum 


systei'i  of   stear:  heating  altlxougli  the   piping   is   so   arranged  that 
a  system  similar   to   the  Webster  system  may  he    used  and  also    if 
need  be  a  one  pipe   return  system  may  he    used. 

The  first    floor  of  tiie   building   consisting  of   stores   and 
open  hall   wa^'-s  has   an   independent   steam  line    so   that    it  may  be 
heated  by   either  of  tlie   three  mentioned   system-S.         The   rema,in- 
ing  stories   are  heated  from  the  attic   distribution  through  the 
risers. 

The   exhaust   steajj^  from  all   engines  and  pumps   flows    into 
the   expansion   tank,   a   steel   cylindrical   closed  tank  four   foot 
in  diameter  and  fo\irteen   feet    long   situated  in  the   boiler   room. 
A   fourteen  inch   exiiaust  header  enters   this   tank   carrying  all 
exriaust   steam  from  the   pumps    and  engines.      A  sm^all   line   passes 
out   to   the   Tobe;,'  hot   water  heater,    a  five    inch  line   to    the 
fan  coils  for   induced  heating,   and  a   six  inch   line    to   the 
Cookson  heater  for   feed  water  heating  purposes. 

A  fourteen  inch  pipe  with  an  atmosphere  relief  valve  in 
it  passes  from  tiie  tank  up  the  elevator  shaft  and  terminates 
in  an  exhaust  header,  when  the  exhaust  not  entirely  used  for 
other  purposes  may  pass  to  the  atmosphere.  A  six  inch  high 
pressure  supply  pipe  enters  the  tank  from^  tiie  main  steam  header 
to  make  up  any  deficiency  of  steam  as.nuxy  be  necesssiry  in 
extremely  cold  weather. 

The   three   remaining  out -going  pipes   from  the  expansion 
tank  convey  steam,  to   the   various    steam  heating  leads.    One 
four   inch  lead  passes  around   one    side  and  endoithe   basement 
as  a  supply  to  the    first   floor   systemi  and  a  six  inch   lead 
passes  around   the  opposite   side  and   end  as   a  second  supply  for 
the    sare   system. 

A  sixteen   inch  line   passes  along  side  (adbde)  the  atmosphere 
line    to   tiie  attic  where   it   terminates    in  a  sixteen  inch  loop 
header  which  passes   around  tlie   attic  v/ith    risers   leaving   it   at 
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regular   intervals   and   continuing  downward  to   the   "baseri-ient   and 
teminating  in  corresponding   return  headers. 

These   return  headers   collecting  all  tiie  v/ater  returns   from 
the    first   and  re^.-aining   stories  v/hen   tiie   ordinar;^   one   pipe    sys- 
tem of  heating  is   used  final] y   terminate   in  a    return   header, 
a  pipe   about    ten   feet    long  and  eight    inches   in  diameter.      The 
returns   fixsm  the   fan   coils    and   tlie  Tobey  hot  water  heater  also 
enter  this  header,    and  may  he   passed   from^  there  by   gravity 
either  'into    the  hot   water  heater  or  be   discharged  into    the 
sewer.  The  expansion   tank   itself   is   drained  by  a   trap     -hich 

also   discharged   into    the   seweF. 

i"or  the  Dixon  system  v/hicii    is  expected  to   give  the  best 
satisfaction,    tiie   steam  is    supplied  to   the   radiators    in  the 
same  v/ay  thj-ough  the   attic   loop   distribution,    but   the   return 
headers   are   cut    out  01.116.  the  water   returns   are  discharged  by  a 
small   line   passing  down   from  tlie    upper  floors   alongside   each 
riser,    into   a   surface   condenser.        The    stean.   being  drawn   into 
tlie   conderser  and  condensed  a  vacuum,  of  as  high  as   tvventy   five 
inches  may  be    formed  and  so   very  little   back  pressure  placed  on 
the    steami  apparatus   througliout    the  plant.  The   air  and    con- 

densed  returns   are  pumped  from  the   condenser  through  a  Knov/les 
six   inch  by  nine    inch  by  ten   inch   vacuum  purif)  to    the   top   of  the 
heater,    from  whence  the   air   is    released  by  a  vent   valve  vvith 
other  air  entrapped   in  the  heater.        The   condenser  may   be   cut 
out   also  by  a  by-pass   and  the    system  operated  on  a  principle 
similar  to   tlmt    of  the  ¥ebster  System  by  means   of   the  vacuum 
pump  forming  the   necessary/    vacuum.      The  warm  v/ater  passing 
tiirougii  the    surface   condenser  passes   up  to   the   Tobey  hot   water 
heater  to   be   more  highly  heated  for  house   use. 

A  Cookson  hot  water  heater  and  purifier  with,  filter  and 
oil   separator  attached   is   used     in  tiiis  plant,    through  which 
the   boiler  feed  water  is    caused  to   pass.      Only  enough  steam  is 
admitted  to   the  heater  to   heat    sufficient    feed  water  for  the 
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"bcilers.  The   exhaust    stean    frorr:  tiie   exp'arision   taiik   is  ad- 

mit ted  to   the  heater  near   tiie   top,    and   upon  entering  it 
strikes  a   set   of  V  shaped  oil    separating  plates   wliich  divides 
the    volxwne   of  the   steaiE,    the  ribs   on  these   plates    catching  tlie 
oil   and  moisture   in  the  steam,   the   separation  of  the  moisture 
being  completed  when   the   steaKj  expands   in  tlie   chaiaber.      The 
steam  then   rises   through  an  enlarged  portion  of  the   exhaust 
ciiamber  and   a^ain   impin£;es    upon  a   second   sot    of  V  shaped  plates 
opposite  to    tiie  first    set    causing  further  separation  of  the   oil 
From  here  when   the  heater   is   used  as   a  through  heater  the    steam 
is   passed  to   the    steam  hoating  system.        The  air   collected 
v/ithin  the  heater  is  allowed  to  pass    off  through  tlie   vent  pipe 
previously  mentioned.  The  cold  water  flowing  from  the   fil- 

ter or  surge    tank  now   enters   the    top   of  the    lieater  and   being 
turned    into    a  spray   condenses   tlie    steaK   in  the   upper  chambers, 
forming  a  vacuum  whicli  draws   up   the    required  amount    of  steam 
from  the   expansion   tank.      The  water  supply  from  the   filter 
or   surge    tank  is    regiilated   by   a  vv^ater   regulator   so   that  a   uni- 
form heiglit   of  water  is  maintained    in  tiie   heater.      The   oil 
separator  apartments   discharge    the   oil    collected  into    traps   and 
finally   into   the    sewew.      The  feed  pumps  draw  the   boiler  feed 
v/ater  from  the  heater  at  a  tem.perature   of  about    tv/o  hundred 
and  ten  degrees. 

"Sine  high,  pressure  vertical  multiple    sheave  elevators 
have   been   installed   in  this   building  by   t}xe   Otis   Elavator   Com- 
pany.     Of  these   eight    are   for  passenger  service   and   one    for 
freigiit.      Of  the   eight   passenger  elevators   five   run  to    the 
eighteenth  floor  v/hile   all   run  as  high  as   the    tenth.      The    travel 
of  all   the  elevators   is  multiplied  five   tim.es  by  the  arrange- 
ment of  the  ropes   running  from  the  plunger  over  the   sheavesand 
finally  to    the   elevator. 

The  working  pressure   of  this   system  is    eight   hundred  and 
eigiity   pounds  per  square   inch,    less   one   hundred  and  thirty 
pounds  per  square   incli  back  pressure    gives  seven  hundred  and 
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fifty  pounds  per  square  inch  absolute  pressure  and  tliis  pres- 
sure acts  on  tlie  plunger  v^dthin  the  elevator  cylinder  and  the 
elevator   rises  as   the   plunger  decends. 

Referring  to   Plate    G:      A  fourteen   inch  by   seventeen   inch 
by  seventeen  inch  by   four  and   seven-eighths   inch  by  twenty- 
four  inch,    three    cylinder   conpoi.uid   single   acting  Corliss 
pumping  engine*    is   used  regularly  to   maintain  the   eigii  hundred 
and    eigiity  pounds   pressure   against    two,    thirty  inch   accumulat- 
ors. This  pump   is  built   for  a    capacity  of   three  huridred  and 
thirty   gallons  per  minute  at    fifty   eiglit   R. P.  M.  against    seven 

hiindred  and   fifty     pounus   discharge  pressure,    with   a  hundred 

steam  at   one 
and   thirty   pounds   back  pressure  on  a   suction  and  with  it  hundred 

and    forty  pounds   per  square    inch  pressure  at   the   throttle.    Tae 
engines   for  tiie   pump   consist    of   three  Corliss    steam  cylinders 
side  by  side  with  a   higli  pressure  cylinder  in  the  midale   and 
tiie    low  peessure  cylinders    on  eitiier   side  v;orking  directly 
through  the  piston  rod  on   single  acting  outside   end  packed 
water  plungers.        The  piston  and   water  plunger  loads   are 
equalized  by  means   of    tv/o    large  fly  wheels   driven  through  links, 
rocker  beam,   and  connecting  rod  from  the    cross  head  located 
betv/een   tlie   steam   and  water  cylinders.      The  purr^)    end    is   so 
arranged  that   tiie   motion  of   the  water  is   constantly  in  one    di- 
rection.     Seven  valves  are  provided   in  each  of  six  valve  pots 
and  are   of  the  v/ing  type  with   fiber   faces  working  on  bronze 
sheets . 

To   alternate  v/itii  this  Laidlavir  Dunn-§ordon  Pump   are 
installed  two,    18    "  X  29"   X  8   s/S"   X  24"    tangem  compound   out- 
side packed  plunger  type  Blake  pui/ips.      All   these  elevator  piirrips 
are  necessarily  automatic    in  their  action  to   meet   the   varying 
water  requirerient,   and  for  this  purjiose   chronometer  valves 
plaiared   in  the    steam  line   of  each  of   the   pumps   are   so    connected 
by   ropes   to   the   accumulators,    from  which  the  v/ater  is   supplied 


-17- 

to    tlie  elevators,    that   tlie   tnavel  of  the  accumulator   to    its 
highest  position  will   shut    off  the    supply  of   steam  to    the  pump 
engine    causing  them  to   stop  and  a  drpp    in  the  accuraulator  will 
cause   tiie   valves   to    open.  In   order  to    insure   tliat   the   pumps 

themselves   v/ill   start   up   fr*om  any  position  v;hen  the   chronometer 
valve    is  open,    a   special  f^utomatic   check  valve  and  by-pass 
arrangerrient    is   fitted   to   the  puuip   end  which   equalizes  the 
pressures   in  the   pujnp   for  an    instant  when  necessary. 

Following  the   travel    of  the  water  upon  being  pumped  by 
the  pumps    to   the   accumulator,    it   passes   tiarough  an   air  chamber 
tv/elve   inches    in  aianieter  and   sixteen   feet  high.      To   furnish 
an  air  cushion  for   this   cl-iaxiber  and   for  the   cushion  and   ais- 
ciiarge  water  tank,    two  Westinghouse  air   compressors   are  used 
which  are  capable    only  of  working  against  a  pressure   of  about 
one   hundred  and   fifty  pounds   per   square    inch,    so   tiiat   although 
the   suction  air  ciiamber  may  be  filled   directly  by  the  pump, 
yet    the  higiit   pressure   chamber  has   to   be   filled  by  another 
method.  Por  this   purpose  a  cylindrical   steel    tank  about 

four  foot    long  and  nine    inches    ^n  diameter   is    connected  with 
the  air   compressor  li^e  v/hile  another  pipe  and   valve   lead  from 
the    tank  to    tlie   pressure    regulating  apartment.        To    send  air 
into   the  air  chamber  the    tank   is   first   filled  at   one   hTindred 
and  fifty  pound  pressure  after  which   the   valve    in  that   line 
leading  to   the  compressor  is  closed  and  the    valve    leading  to    the 
air  ciiamber  open.  The  v/ater  than  flows   into    the  air  tank  due 

to   the   difference   of  ei  giit   hundred  and   eighty  and   one   hundred 
and   fifty  pound  pressure  until   the    pressure   is  equalized, 
when  the  air  will  rise   in  the   air  chamber  situated   in  the 
high  pressure   line.        This   process  may   be    repeated  until  a 
sufficient   quantity    of  air   is   obtained,    the   water  in  the   snaall 
tank  being  finally  discharged  into   the    large   elevator   suction 
tank. 

Two   accumulators   are  placed  in  the   high  pressure  line 
each  working  between  different  pressure,    so   that  when  the 
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system  is   in  operation  one  accunnolator  is  a2v^ays   at    its  high- 
est  position,   v/hile   tne   otlier  takes    care  of   the    varying  pres- 
sure. Thus    in   case   of  an   extra  amount    of  water  being  used 
the  high  pressure  aGci;uiiulator  may   descend,   entirely  and  the   other 
will  hold   up  the   pressure  xmtil  the  pumps  pick  up. 

The  v/ater  at    eight  hundred  and   eighty  pounds  pressure 
passes   out   through  the   pipe  leading  to  the   pilot   valves. 
These  valves,    one   for  eacn   elevator  are  placed  in  line   along  ^^ 
side   of  each   other  directly  under  their   respective    elevators. 
The  pilot   valve  as'*is   named  consists   essentially  of  a  piston 
and  two    valves   cmd    is   arranged   so    tiiat   the   flow  of  tne   h"  gh 
pressure  v^ater  to    and  from  the   elevator  cylinder  nay   be    Varied. 
Referring  to  tiie    sketch  of  this    valve   on  Plate   6,    the    valve   to 
the   right    resembles  a   steam  valve  v/ithout   laps,    and   is   operated 
by  the  exhaust  water  coming  from  the  elevator  cylinders.      This 
valve  always  moves   slowly  and   is   operated  by  the    car   driver 
by  means    of  a   rope    riinning  over  pulleys  and  through  the    car. 
As   the   valve    is    opened  v/ater  at   one    thirty  pound  pressure 
enters   either  side   of  the    valve   and   flows   through   tlie  valve 
into   the    cylinder  causing  a  moveiuent   of  the   adjacent   piston 
accordingly.        A  piston  rod  passes  through  this  piston  and  at 
either  end   is   firmly   connected  to   tlie   water  valve   proper  so 
that  as  the   piston  valve   moves   so   does   the  water   valve.      The 
low  pressure   valve    is   also  connected  by  a  link  motion  to   this 
piston   so   that   the   slide  valve    is   immediately  brouglit  back  to 
its   central   position  v/hen   the  water  piston  has   attained   its 
proper  position  to   admit    or   allow  water  to   flow  to   the   elevator 
cylinder.  Thus  after  even'-  movement   of  the  water  valve   and 

piston  the   low  pressure   valve    is  brought  back  to    its   central 
position  and    is   ready    to   be  moved  ar^ain   in  either   direction  to 
adr;.it    or  disciiai'tj^  '.Lc  water   in  the   elevator  cylinder. 

Now  since    the  direction  of  the  flow  of  the  water   in  the 
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cylinder  depends   upon  the   position  of   the   high  pressure  valves, 
the   operator  can  cause  any  opening  desired  of  the   valves  and 
consequently  determine  the  moveuient    of  the    car. 

Since  when   the    elevator  may  be    rising  at    its  highest    speed 
the   supply  water  may  be   sucidenly     cut   off,    the   inertia  of  the 
pinnger  and  moving  parts  will   carry  the  plunger  on  some   dis- 
tance causing  it   to    leave   the  water.        As  the  weight   of  tlie    el&- 
vator   gradually  overcomes  that    of   the   plunger,    the  elevator 
will   fall  after  the   flow   is   shut    off  and   this  action  will 
occasion  what    is    termed   "'bouncing".  This   action   is  prevented 

by  a  chedk  valve   placed  in  the   pipe   connecting  the   suction  and 
high  pressure  lines   so    that  as  the   plxmger  leaves   the  water 
the    check  valve    is   opened  and  water  flows   in  behind  the  plunger 

The   disc}jarge  water  from  the   pilot   valve   at   atmosphere 
pressure    is   forced   into   a   rectangular  tank  two    and  a  half   feet 
by   five    feet   by   six  feet   high,    situated  over  the    t^jvo   Blake 
elevator   rjuiups,   while   the  remainder  of  the   discliarge   water   is 
forced  to  an  open  steel   elevator   discharge   tank,    six  foot 
square  by  six  feet   deep,    situated  in  the  attic,    the   head   froa 
this   tank  causing  tiie    one  hundred  and   thiry   pounds  per  square 
inch  back  pressure  on   the   elevator  pumps. 

The  discliarge   or   suction  water,  as    it   may  now  be   called, 
gravitates    to   the   closed  suction  tank  a  steel   cylindrical   tank 
situated   close  to    the   eleAfator  puir5)3   from  v/hich  they   again  draw 
the  water  for  the   system. 

Either   of   two    9"   X  14"  X  7"   X  10"   tandem   compoimd 
Worthington   steau  pumps, designated     as  pilot   pumps  are   used  to 
draw  the   pilot   valve  water  from  the   open   tank  mentioned  and 
discharge   it    into   the    suction  tank  against   the  hundred  and 
thirty  po\ind  pressure.      An  air  cushion   is  also   maintained  in 
this   .tank.- 


For   specially  heavy  loads   tlie    freiglit   elevator  cylinder 
receives    its  water  througli  a  special  line   of  pipe  at   two    thou- 
sa    d  pounds   P'  r   square   incli  pressure    from  a  Laidlav/  Dunnj^ordon 
10"    X  3"   X  10'    simple   duplex  pT,mip.        Under  ordinary  loads, 
iiOv/ever,    the    freight    elevator  works    under  the   same  pressure 
and   from  the  same   supply  as   t.he   passenger  ele^/ators- 
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